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Since being first reported in 1960, amorphous alloys and bulk metallic glasses (BMGs), in particular, have 
received significant attention in the materials field, owing to their excellent combination of mechanical and 
functional properties. These materials are considered promising for the structural engineering materials field. 
Ongoing research activities on BMGs range from investigations of the basic structure and properties to the 
structural and functional applications. Various multicomponent (especially Zr-Cu-based, Ti-based, and Ni-based) 
alloys have been produced and extensively studied. BMGs have unique mechanical properties including high 
strength combined with large elastic strain. However, due to the absence of long-range order atomic structure and, 
hence, dislocation slip systems. All macroscopic deformation is localized in so-called shear bands, which are 
extremely narrow. Therefore, most BMGs are macroscopically brittle and exhibit limited room-temperature 
ductility (mainly during compression) accompanied by limited fatigue resistance. Various approaches have been 
used to overcome these drawbacks. For example, a heterogeneous structure consisting of crystalline and 
amorphous phases was generated to improve the plasticity. These in-situ and ex-situ amorphous-crystal 
dual-phase materials, referred to as bulk metallic glass composites (BMGCs), emerged at the end of the 20th 
century. BMGCs are high-strength materials that exhibit better room-temperature plasticity than the 
homogeneous BMGs. In-situ BMGCs can be directly produced via casting or devitrification of an amorphous phase 
upon heating. Crystalline particles, which are formed by in-situ crystallization, act as barriers to shear band 
propagation. These particles also lead to shear band branching, which results in an increase in the overall plastic 
strain. Some of these high-strength amorphous alloy composites exhibit the transformation induced plasticity 
(TRIP) effect and superelasticity, which are commonly observed in the Fe-, Ti- and Ni-based crystalline alloys. 
During plastic deformation, the austenite phase transforms into martensite, which significantly enhances the 
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ductility and toughness of the alloys. This effect is associated with a composite effect resulting in stress 
redistribution and subsequent highly uniform plastic deformation. Owing to superelasticity, a large load-induced 
strain can be imposed and then recovered during the unloading process. The occurrence of this phenomenon is 
attributed to the reversible phase transformation between martensite and austenite during deformation. TiNi 
alloys were attractive since it contains a unique B2 phase which could transform between B2 martensite phase 
and B19’ austenite phase through lattice shear induced by both thermal and stress. Several ductile TiNi-based 
glassy composites, which exhibit high strength and plasticity and contain B2-TiNi type crystalline phase 
precipitates in an amorphous matrix have recently been prepared. 
Here, we chose Y-, Co-containing Ti-Ni-Cu-Zr-based alloy (Ti40Ni39.5Cu8Zr10Co2Y0.5) that were considered in 
previous studies as the main alloy for detail researches. The alloy exhibits excellent mechanical properties and 
undergoes a martensitic transformation during deformation. Ti-Ni based crystalline/amorphous alloys with a 
homogeneous dual-phase structure consisting of an amorphous phase and two crystalline phases were fabricated 
with excellent mechanical properties, combining a fairly strain of 20% in ductility and a high stress of 2300 MPa in 
strength. Two crystalline phases are observed in the as cast state of TiNi crystalline/amorphous alloy, a high 
temperature stable austenite B2 phase and a low temperature stable martensite B19’ phase. The microstructure 
reveals a main austenite phase surrounding by the amorphous phase and a small amount of martensite phase 
which normally appears together with the martensite phase.  The phase transformation between martensite and 
austenite could be induced by both thermal and stress. The compressive stress-strain curves have a double 
sigmoidal shape with three deformation stages, an elastic deformation stage, a plateau stage corresponding to the 
martensitic transformation process and a final plastic deformation stage. The extraordinary mechanical properties 
can be attributed to the interplay between dislocation slip and shear deformation of the dual-phase material, in 
conjunction with the “superelastic” behavior operating during martensitic transformation. The occurrence of both 
amorphous and crystalline phases in the microstructure was confirmed by XRD, SEM, and TEM. This study was 
carried out comprehensively from alloys synthesis and characterization to investigation of the amorphous phase 
and crystalline phase controlling, the effects of different phase on the mechanical properties and finally the 
improvement of mechanical properties. 
The cooling rate employed during casting process affects the formation of amorphous phase. Compared with the 
larger rods formed at lower cooling rates, the smaller rods formed at higher cooling rates contains more 
amorphous phase. The presence of amorphous phase surrounding the crystalline phases confines the phase 
transformation between austenite and martensite so that effects the critical phase transformation stress (σm) 
during deformation. Thus, the smaller sample which including more amorphous phase shows a higher critical 
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amorphous and crystalline phases in the microstructure was confirmed by XRD, SEM, and TEM. This study was 
carried out comprehensively from alloys synthesis and characterization to investigation of the amorphous phase 
and crystalline phase controlling, the effects of different phase on the mechanical properties and finally the 
improvement of mechanical properties. 
The cooling rate employed during casting process affects the formation of amorphous phase. Compared with the 
larger rods formed at lower cooling rates, the smaller rods formed at higher cooling rates contains more 
amorphous phase. The presence of amorphous phase surrounding the crystalline phases confines the phase 
transformation between austenite and martensite so that effects the critical phase transformation stress (σm) 
during deformation. Thus, the smaller sample which including more amorphous phase shows a higher critical 
phase transformation stress during the compressive deformation. This kind of confinement effect works 
universally on TiNi based amorphous/crystalline alloys with different composition or mechanical properties. 
High pressure torsion (HPT) process induces severe plastic deformation in the TiNi crystalline/amorphous alloys, 
leading to different phase compositions in different HPT conditions. We performed the High Pressure Torsion 
(HPT) process at different temperature, 77 K and room temperature, to control the phase composition. The 
austenite main phase in TiNi crystalline/amorphous as cast state transform to the martensite phase after HPT at 
77 K process. Comparably, the room temperature HPT process induces the main phase is still austenite phase. 
The reason could be explained as follow, during the HPT process at 77K the phase firstly changed by the thermal 
effect, low temperature stabled B19’ martensite phase formed. At this time the HPT induced large plastic 
deformation and huge inner strain which confine the recoverability of martensite phase, finally kept the low 
temperature stable martensite phase even after the sample come back to room temperature. The XRD patterns of 
the disks with HPT process at two conditions show broaden peaks which indicate the grain size dramatically 
refinement or volume of amorphous phase increase by the severe plastic deformation. The TEM images reveal a 
homogeneous mixture of amorphous phase and nano size crystalline phase in the samples after HPT process at 
both conditions. Thus, the employed HPT technique enabled to obtain the dual martensite-amorphous phase and 
austenite-amorphous phase alloys. The homogeneous mixture of crystalline and amorphous phases after HPT 
treatment at 77K and room temperature both improve the microhardness. 
The strain-stress curve shows a sigmoidal shape with a plateau stage corresponding to the martensitic 
transformation. The phase transformation induces superelastic behavior which causes large elastic strain. 
Superelasticity effect is induced by the solid to solid phase transformation from austenite to martensite on loading 
which is accompanied by a strain accumulation. The superelastic shape memory alloys exhibit a stress plateau 
which causes large elastic strain. They also show hysteretic damping and excellent cyclic fatigue properties that 
make them desirable for applications in seismic resistant design. Mechanical-fatigue on cyclic loading is an 
important feature which affects the residual strain after unloading, the critical stress for the martensitic 
transformation and the hysteresis or the amount of energy dissipated. The characteristic of fatigue properties 
during superelastic cycling is that the residual strain grows with the number of cycles, while both the stress for 
inducing martensitic transformation and the stress hysteresis decrease. At the same time it changes the shape of 
the stress-strain curve, shrinks the plateau area, which means that the energy dissipated in one cycle decreases. 
Low cycle mechanical-fatigue properties during superelastic cyclic loading perform differently in 
TiNi-crystalline/amorphous alloy and TiNi fully crystalline alloy. TiNi dual-phase alloy show better anti fatigue 
performance than the fully crystal one. The low cycle mechanical fatigue induced the decrease in σm and hysteresis 
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area shrink is suppressed in the TiNi crystalline-amorphous alloy due to the presence of the amorphous phase. 
During the deformation the amorphous phase, which is surrounding the crystalline phase, acts as a sink for 
dislocations generated upon the superelastic cycling. It prevents the accumulation of dislocations, and 
simultaneously promotes creation of the new dislocations. The amorphous phase in TiNi dual-phase alloy assists 
to the smooth progress of the martensitic transformation, dramatically decreases the bursting dislocations at the 
beginning of deformation by the attraction and annihilation. Both the mobile and existing sessile dislocations are 
sink in the amorphous disordered structure by the reactions with new mobile dislocations and beneficial to the 
reversibility of phase transformation between martensite and austenite. The TiNi amorphous composites pave a 
new way to fabricate and design composite material with high ductility and good anti-fatigue behaviors. 
We applied the cryogenic thermal cycling to the Ti40Ni39.5Cu8Zr10Co2Y0.5 alloy with dual crystalline and 
amorphous structures. The mechanical behavior of the as-cast sample and cryogenically cyclized sample is 
different. The stress strain curves display an increase of the critical stress (σm) for the martensitic phase 
transformation which is opposite to the low cycle mechanical fatigue. The increase of σm cannot be found in the 
Ti49.5Ni50.5 fully crystalline alloy after cryogenic thermal cycling, which means that the presence of amorphous 
phase in the TiNi BMG composite alloy acts as an important factor responsible for the increase in σm by thermal 
cycling. The TiNi crystalline/ amorphous alloy has three phases in the as-cast state, B2 austenite (main phase), 
amorphous phase and a small amount of B19’ martensite phase. The TEM images reveal that the amorphous 
phase normally appears around the B19’ martensite phase in the as cast state. It indicates that the low 
temperature stable martensite phase which should transform to B2 austenite phase at room temperature was 
restricted by the amorphous phase during the casting process. The XRD patterns show a decrease of the 
martensite peak after cryogenic thermal cycling indicating that the thermal treatment activates the martensite 
phase and enables it transformation into the austenite phase during the cycling process and finally leads to the 
decrease of the amount martensitic phase at room temperature. The yield stress of martensite phase is relatively 
low compares with the austenite phase, thus the reducing of martensite phase induces the increase of phase 
transformation stress σm. On the other hand, the crystalline structure near amorphous phase was transformed 
during the thermal cycling process, the as cast state twinning martensite phase changes to austenite phase with 
lamellar structure. The layer-type structure blocks the movement of dislocation which is also the reason for the 
increases in the critical stress for phase transformation. 
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